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A TRINITY OF BRIDGES:; THE SMITHFIRLD STREET BRIDGE OVER
THE MONCNGAHELA RIVER AT PITTSBURGH

by
James D, Van Trw

Pittsburgh's first river bridge~that over the Monongahela River
at whet is nov Smithfield Street-is, historically speaking, three bridges
all built successively at the same site by a trinity of famous Ameriocan
bridge engineers, Lewis Wernwag, John A, Roebling, and Gustave Lindenthal,
who had all been borm in Germany and thus learned their technology from
that early and famous fountain of engineering. It was America, however,
a new and devaloping country, thet gave them the widest scope for their
abilities, and pPittsburgh with its graat need for hridges was e special
benafloiary of thair knowledge, as it was a showcase for their talents.

This essay is e study, therafore, of the three versions of the
bridge erected at Smithfield Straet as well a oconsideration of the de~
valopmant of the technology of bridge construction during the nineteesnth
century.

Fron the foundation of the firat settlement et Pittsburgh until
1818, the only means of communication between the town and the furthar
banks of the rivers was by conoce oy skiff. As ths settlement developed
am—ktn;:;r ferry service became mandatory, and in 1818 J’cmoao:k Ferry
opeyvated between the mouth of Liderty Streat in Pittsburgh 3: the south
bank of the Monongahela, Passengers were cerried in akiffs while stock
was taken over on flat boats., About 1840 a horse ferry was introduced .
inwhich Blind horses, as a rule, voreused-as—metive—pewed-they were
made to tramp upon & horizontel wheal, the revolution of whiol propelled
the boat across the stroam.

A few years later Captein Erwin established a steanm ferry froa a
site on the south bank of the Monongahela slightly below the confluence

of the rivers at the Point, but this was never @ success,l  Subsequently
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the Jones Ferry was tbtndonnﬁ’and a4 stezm ferry operated from Sav Mill
Bun on the south bank of the Chic to Pemn Street in Pittsburgh, smd Ihis
line vas in use until the increasing oumber of river hridges made it
l‘odundlntoz

Prior to the building of the Monongahela Bridge, all traffic passe
ing from one side of the river to the other at Smithfield Street vas
carried on a little ferry boat owned by Emoch Wright of Westmoreland
County and Andrev Herd of Allegheny c«@m who leased the buildings,
ferry, and improvements to one Robert Shanhan. Where the ferry landed
on the South Side stood Enoch ¥Wright*s stone house. After the bridge
wvas constructed the ferry interests were bought out by the Steck Calpanros
Before the introduwotion of dams toward the end of the ninetesnth century,
the streams at slack water were relatively shallow and numerous islands
and sand bars were in evidence, Thers was, for instance, a long sand bar
in the Monongshela at the site of the Smithfield Street Brian|b this river
flatland that is shown on the very early maps of Pitisburgh, was of suffie
cient sxtent that grain could be grown om it at low water, It must be
remembered alse that there was an extensive traffic on all thres rivers and
the spans of bridges bhad to be sufficiently high to allow boats to pass
bonenth them.

The Iirst of Pittsburghts highway river bridges was the Monongahela
(later Smithfield Street) Bridge. Erasmus Wilson, a late nineteenth his=
torisn of Pittsburph, has left the best account of its construction and
we quote it h_aro;s

"In the year 1810 a hill was introduced in the (Pennsylvania) State
Legislature providing for the construction of éuo bridges at Pittsburghe
one over the Monongahela and one over the Allegheny-amd an estimate of
the probable cost of such a structure vas made by Judge Pindley. Xt waa
calcujatad by hin that the 1,200 fest o2 river would require chains of
1,590 feet and fouwr such chains of inch snd a half square iromn bar weigh=
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ing sixty-four pounds to the foot, with some excess, would smownt to
48,800; smith vol_-k would cost $9,080; a bridge thirty feet wide would
require $900,000 .‘mth of plank; three plers would cost $15,000; other
expense, %1,050; right to use certair patents, $1,200; putting together,
$1,296; incidentals, $1,000; total 332,326, James O'Eara, William
McCandless, David Evans, BEphrais Pentland, Jacob Beltahoover, Adamson
Tannehill, Thomas Cromwell, Thomeés Enochs, and Dr. George Stevenson,
were the commissioners appointed to open books for the subseription of
stock in the Monongahela Bridge. John Wilkins, Jomea Robinson, Natham-
iel Irish, George Shiras, George Robinson, Isaas Cralg, Jemes Irwin,
Jobn Johnston, and James Riddle, were authorized to open books for the
subscription of stock in the Allegheny Br‘.ldge.‘ Probably owing to the
War of 1812, the bridges were not built at that time and in 1816 the lav
was re-enacted’ end the governor, on behalf of the State, was suthoriszed
to take 16,000 sheres of stock in each bridge. The lav specified that ane
was to be built over the Monongehela at Smithfield Street and one over the
Allegheny at St, Clair (now Sixth)... |

"The lagt installment of stock for the Momongehela Bridge was called
for by the treasurer, John Shaw, to be psid May 15, 1818, The firat arch
was laid on the pilers on Saturday, June 20, .'1.8.'1.8.8 The bridge was rapidly
built wvhen once begm and it rested on two abutments and seven intermediate
piera of stons. It wvas oonstructed of wood and iron, with the catsnarian
curve of arches, the oontrsct price being 3$110,000. As if to favor the
contractors the wvemther during the fall was excellent,

"The beautiful bridge over the Monongahela has nearly reached the
northern shore; it will probebly be orossed before Christuas, The one
over the Allegheny is not so far sdvanced, but yet enough 1a done to
insure its completion. Pittsburgh will then exhibit what ne American oity
or town has ever yeot done-two splendid bridges cover two mighty streams,

within 300 yards of each other.’?
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"On Saturdsy (November 21, 1818) the last arch of the Monongahela
being oompleted, and the whole floored, the undertakers and builders
announced the pleasing event by the discharge of carnon from the middle
pier and the display of the United States flag Waving over the central
arch, having attached to its staff s besutiful bammer with appropriate
representations, The City Guards and the new company of Washingtom
Guards from Birmdnghem heralded on their respective sides of the river,
marched across sund fired salutes, In the afternoon the workmen sat down
to a substantial dimner, at which Mr, Johnston, the meritorious underw
taker and superintendent, presided...

*November 2§, 1818, John Shav, treasurer of the Monongahela Bridge
Company, called a meeting of the sanagers to appoint a gatskeepsr to
receive hie toll as follows: Foot passengers, 2 cents; vehicles of four

“ﬁheels and six horses, 62} cents; vehioles of two horses, 25 cents;
wohioles of one horse, 20 centsi horse and rider, § cents; horse alone,
6 cents; each head of cattle, 3 cents; each head of sheep, 3 cents.

"The State held $40,000 worth of stock in the Monongahela Bridge
and vas required to assist in repairing the demage caused by the falling
of (part) of the span in 1831-32.»

Llewellyn Edwarde describes the Monongahela Bridge as followst
"The subatructure consisted of two asbutments and seven piers of stone
masonry, The supsrstruoture had eight covered wood truss spens and an
overall lemgth of 1500 feet".l0

Richard Allen alsc comments on both the Momongeahela and Allegheny
Eridges (the lattsr not finished until 1819), The Monongahela was &
Burr trusa struoture and Allen states that -"Its ocutstanding feature vas
th.‘gbll collectorts living quarters, He was housed in a small aparte
ment bujlt above the barn~1like portal on the Pittsburgh side'.ll

The Burr truss which appears so frequently in the chronisles of
early American bridge construction, was named for Theodore Burr (1771~
1822), a well known bridge designer of his day. Like al) his contempor=

aries, he, for all but very short spans, combined the arch and truss
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(vitness the "oatemarian arches” of the Gazetts account quoted earlier),
but instead of combining them by strengthening the arch by the truss,

as did the rest, he strengthensd the truss by the arch., His design vas
in reality merely a series of king posta and it is safe to say that the
majority of wooden covered bridges built in the United States were of
the Burr truss d.liﬂlolz

The designer of both the Menongahela and the Allegheny Bridges
was Lewis Wernwag (1769-1843) vho was perhaps the most famous of ell
sarly Amoricen bridge engineers. Born in Gezmeny he came to the United
States at the age of seventeen, settling in rhiladelphia, He apecial-
ized in vooden truss spans, his first famous work being a bridge of a
single span cinstructed in 1812 over the Schuylkill River at Philadelphia.
Ee later constructed many highway and railroad bridges. A letter from
his Wom John to Sammel Smedley published in the Epgineoring News, August
13, 1885, includes a 1ist o:t_ twenty-nine bridges built by his father
during his active career of twenty-seven years.l? ©f all these bridges
the Monongahela was not the least fameus,

Jossph H, Thompson vas the builder of the Monongahels Bridge and
o contract was made with him on July 9, 1816 to construct Wernwag's
“double~passage bridge covered from end to end™, The contract price
was $110,000.n'

The Monongahela span gave many years of good service to the develop~
ing Pittsburgh region but it disappeared in ten minutes in & long traile
ing line of smoke and flame at two etclock in the afternoon during the
Great Fire of April 10, m;." one of those huaﬁ' conflagrations that
devestated imerican cities in the nineteenth century,l6 At the time of
its destruction it was still the only bridge over the Monmcmgshela at
Pittaburgh.

After the fire the old piera and abufmts ware repaired and on
them the famous John A, Roebling constructed a nev wirs cable suspension
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bridge for a contract price of $55,000, Work vas begun on the new
structure on May, 1846, a short time after the fire, D, B, dteinman
has given a full and colordul account }1:: his fiography of Roebling,
of the construction of this first of the famous engineer?s highway
bridges.l? wWhat was begun in Pittsburgh culminated in the 1860's
in his final master work, the Brooklyn EBEridge.

John A. Roebling as a bridge engineer is so well known that
any blographical datm would seem almost redundant, but some acoount
of his life 1s necessary here because of his importasce in Pittsburgh
pontine history.3 He vas born in Muhlhausen, Germany, in 1806, received
his engineering education at the Royal Polytechnic Institute in Berlin,
and ewigrated to imerica in 1831, settling at Saxomburg ia Butler County,
some twenty=-f£ive =miles north of Pittsburgh. This town, which he #atab-
lished, became the chief focus of his early engineering career and hers
he established his wire rope minufactory vhich wvas later moved to Trem=
ton, New Jersey. His wire cables were first used on the inclined planes
of the Portage Mailroad in the mountaina of Western Pennsylvania; hia
first important bridge was a suspension aqueduat which he constructed
in 18343.345 to carry the Pennsylvania Canal over the Allegheny River at
Pittsburgh.l”? As the aqueduct was being completed the Monongahela
Bridge burnsd and Roebling wvas almost immediatsly given the commission
to construst the new one, As & result of the fame of these twe struc~
tyres, Roebling was now established as America's forsmost bridga
engineer and went cn to design such famous structures as (another
Pittshurgh werk) the second Sizth Street Bridge over the Allegheny
River (1858+60), the Niagara Railway Suspension Bridge (1851-55), the
Cinctmati Bridge over the Ohio (1856~67) and finally the Brooklyn
Bridge vhich he was never to see finished since he died as a result
of an accident in 1869 vhen work om the bridge pisrs had just begun.
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John Roebling was not only a mors than competent bridge enginser,
but he was also a prolific writer and he published his achievemants as
they appeared. Consequently the best desesription of the second Monon=-
gahela Bridge remsins that from his own pon.zo

"The new Suspension Bridge over the Monongahela was commenced in
June, 1845, and opemed for travel in Pebruary, 1836, The pisrs and
abutments of the old wooden structure, which was destroyed by the great
f£ire, required extensive repairs to be fitted for the reception of the
nev superstructure, The vhols length of the work between the abutments,
is exactly 1,500 feet, and is divided into eight spans of 138 feet,
average diitanc. from centre to centre. The piers are 50 feet long at
bottam, 36 faet high, and 11 feet wide on top, battering 1 inch to the
foot,

"Two bodies of substantial cut stone masonry, measuring 9 foet
square end 3 feet high, are erscted on each pier, at a distance of 18
feot spart, On thess the bed pletss are laid down for the support of
the cast iron towers, to vhich the wire cables ars suspended by means
of penduluies, Each span being supported by two separate cables, there
are thorefore, 18 cables suspendad to 18 towers,

"The towers are composed of four colums moulded in the form of
a twowaided or cornered pilester; they are conmmwcted by four lattice
pannels, secured by screw bolts. The pannels up and down stream close
the whole ﬁido of a tower, but those in the direction of the bridge
fora an open doorway, vhich serves for the continuation of gsidewalks
from one span %o the othar,

"On top of the pilastsrs or columns, a massive casting rests,
which supports the pemdulum to which the cables are attached. The
upper pin of the pendulum lies in a seat wvhich is formed by the sides
and ribs of a square box oocupying the center of the casting, FPor the

purpose of throwing the whole presswrs upon the four columns underneath,
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12 segments of arches butt againat the eentre box, and rest with the
other end upon the four ocorners,

“The pendulums are composed of four solid bars of 2 feet § inches
long, frcm centre to oentre of pin, 8 inches by one incheethe pins are
thyes inches in dismeter, To the lover pin the cable of one span is
attached directly and the conmection formed with tho next eable by
means of tourl.tnho:!31ui61mhu1_ongmdhimhoobylimhu.

"The opposite cables, as well as the pendulwums, are inclined
towards sach other-the distance between being 27 feet at the top of
the towers, and 22 feet at the ocentie of a spsn. The pendultms on
the abutments, however, occupy & vertical position.

*The two sidevalks are outside of the cablea, and 5 feet vwide,
The roachvay is contraoted to Z0 feet, and separatad from the sidewalks
by fender rails, which are raised from tho floor LY means of blocks of
6 inches high, 8 feet apart, The total width of tho bridge between the
rallings is 32 feet.

"The anchor chains which hold tho cables of the first and last
span, are secured below tho ground in the same method vhich was applied
to the aqueduct~their oxidation is guarded against in the same manner,

"The cables are 3} inches in diameter, and protected by a solid
wrapper; they are assisted by atays, made of liinch round charcoal
iron; the suspenders are of the sams material, 1} inch diameter, and
placed 4 feet apart.

"The peduliar construotion of the MNonongahela Bridge was planned
with the view of obtaining a high degree of stiffness, which is a great
desideratum in all suspension bridges; this object has been fully
attained, The wind has no offect on this structuro, and the vib:'aum
produced by two heavy coal teema, weighing seven tons each, and closely
following each other, ars no greatar than is generally observed on
woodsn arch and truss bridgos of tho same span, This bridge is prin-
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oipally used for heavy hauling; s large pertion of the coal consumed
in the City of Plttaburgh passes over it in four and six horse teams,

"As a heavy load passes over a span, the adjcining pendulums,
wvhen oOlosely observed, c¢an be noticed to move ocorrespondingly-the
extent of this motion not sxoeeding one half inch, By this accommow
dation of the pendulums, all Jarring of the cast irom towers is
effsatively avoided, Another object of the pendulums is %to direct
the resultant of any forces to which the work may be subjected, through
the center of the tovers, as well as of the masonry below,

*two of the piers of the old structurs had once given way in
consequense of the shaking amnd pressure of the arch timbers, vhem
subjected to heavy loads, Such an accident can never take place on
the new structure, as the plers are only subjected to the quiet and
vertical pressure of the towvers,

"I do not recommend the application of pendulums in all cases;
but in this, it appeared to me the best plan which could be adopted,

"The two towers on each piler are connscted by a wooden beam,
properly encesed and lined by the same mouldings vhich ornament the
top of the castings.

“"The lightness and graceful appeariance of this structure ia
somewhat impaired by the beavy proportions of these connections, but
I had to resort to it for motives of sconomy.

"The whole expense of this struoture doea not exneed $55,000=
a vary small sum indeed for such an extensive work.

"A great portion of this work had to be done during the winter,
and in cold weather; it was accomplished viﬁwut any accident, with
the exception of one of the vorkmen wvho was seized by fits and killed
by £alling off a piler,
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"Table of quantities of Monongahela Bridge™

Teangth of bridge between abutments.....cvveevveeercecescrs 1500 fout
Number Of SPANSecsevsvrcsserescescssscasssscssscassassssse 8
Average width of spans from centre to contre,.cacessccesces 188 feet
Diameter of 08DleB.ccccsesrcrvresrrrostcossscerccccssnsses 3% inches
Fumber of wires in 6acCh....ecsevecerrccrecovecsrocsscrocees 750
Yeight of superstruacture of one span, as far as
. supported bY CaDleS..cececcsocsvsssescocscscocescasss 7O tons
Tension of cables resulting from it...cceccecescccccvsscee 122 7
Weight of four six horse teams, loaded with 104 bushels
Of 0081 GBCN . erveccstsserctnrsssrcsssscsscsscncases 28
Tension resulting from it when at reSteccccceccscacceecces 39 ¥
Weight of 100 head of cattle at 800 1DBS...ceees-evesssracee 30
Tension Tesulting from it vhen at rest...ccccccccccccceeese 70 ©
Aggregats velght of one span as far as supported
by the cables, plus 100 cattle at Testeessscecscsesee 110 *
Tension resulting from 1t.,ccecccevcsccssessscscccrscssces 192 *
Ultimete strength of two CableB....cessceeresesccsscasases 860 ™
Section of 2nchor ChAinS..sececrccosvsrcosssscssssssssscse 26 inches
Section of PenAULUMS..ccesssscsscsssssccnsscsssssssensssce O3
In 1859 an agreement was made with the Pittsburgh and Birmingham
Railwvay Company, a horse car line them being constructed from Pittaburgh
to the Scuth Side across the river, to permit the line to oross the
bridge at the prioce of fifteen dollars per car each month, In 1865 the
structure was 1it by gas and the foot toll was reduced to ones cent per
perscn.?l In 1861, a wooden truss bridge was built a little further
upstream ﬁ South Tenth Street;>- Roeblings span was now po¥ the only
one orossing the river and in later years it was :I.ncfoas:l.ngly referred
to as the Smithfield Street Bridge.
The structurs during its years of service was often serely tried=

sometinmes when it was crowded with people viewing a steamboat race and
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sudden rushes would be made from one side of the bridge to the other.>>
Such conditions afforded & real test of the designer*s foresight in
providing various features that assured enduring stability. The bridge
continued in service for thirty-five years, carrying the heaviest kind
of street traffioc, horse cars, steam rollers, and eight-horse toams
pulling heavy trucks loaded with iron and machinery. The multiple gpan
arrangement though quite satisfactory for an acqueduct with its loading
constant or uniform in all spans is under a dimvtantaqo in a suspension
bridge carrying variable loading, Despite the system of ineclinad stays
which Roebling bad installed, a loaded span sometimes deflected as much
as tvo feet with a corresponding smaller rise of the adjoining spans,
 Not only the designer but the profeasion profited by this oxperienoo.?h

Dae to the enormous volume of traffic of Roebling®s hridge, it
began to show signs of atrain and the Board of Managers of the Bridge
Coupany decided to look into the possibility of providing a new structure.
On February 1, 1871, bids vere presented to the Board, but soon aftervard
the City of Pittsburgh tried to secure tho franchise, This brought out a
stockholder’s mesting on May 27, 1872, contesting the city's right to
such aotion.zs This difficulty retarded the new improvement and the
Panic of 1873 with its resultant difficulties prevented anything being
done, but in the summer of 1880 the Board decided finally to demolish the
Roehling bridge and censtruct a new m.26

The Board of Managers of the Bridge Company called to their aid
a local engineer, Charles Davis (1837-1907) who submitted a design for
another suspension bridge, Davis was oné of those Aimerican engineers
who seem to have learned their profession "in the field"™, so to speak,
particularly is railwey surveying., He had heen consulting engineer for
Pittsburgh's Point {suspension) Bridge (1875—77’ and in 1881 vas elected

Engiveer of Allegheny County, @ position he held until his death.’?
Work on Davis' bridge was begun in the summer of 18B0. It was to
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be a suspensicm bridge having two chanpel spans of 360 feet each and

two shore spans of 180 feet each, PFomndations for the channel piers
were put in first and the piers were duilt up to an average height of
ten feet each, 5ince the winter of 1880 was unusually severe, further
vork en the bridge vas stoppod.?"s None of the drawings for this abortive
design seem to have survived.

In February 188), the Bridge Company was reorganized and as &
consequonce all work om Davis® bridge was stopped and all prior cone
tracts cancelled, The man who now held the controlling interest in
the company's stock, David Hostetter, was also largely interested in
the Pittsburgh and Lake Erie Railroad and he wished a different type of
structure, because he thought it might be possible to run cars from his
own line on the south bank to the lines of the Baltimore and Chio om
the north, Consequently a young German engineer, Gustav Lindenthal,
was called in to make @ design for a through~truss bridge.?

.‘rho new bridge engineer was alsc an immigrant, He vas born in
m, Moravia, Austria-Hungary, and had been educated at the Provincial
College of Bruma and at the polytechnicel schools of Brunn and Vienna,

He worked on railways in Austria and Switzerland before coming to Americs
in 1874; in 1876 he assisted in the construction of buildings for the
Cenitannial E¥position in Fhiladeliphia, 1In 1881 he established himself

in a private engineering practice in Pittsburgh, BHe was engaged in many
railvey and bridge projects, including the reconstruction of bridges on
parts of what is now the Erie Railroad, various bridges in and near Pitts-
burgh, and railwey surveys and estimates in Pennaylvania and neighboring
states., When he reached the age of forty, he had established a reputation
as one of America's great bridge engineers and certainly the nevw Smithfield
Street project was no small factor in his rise to fawme,

In 1890 he set up a consulting of.ﬂ.c;e in Yew York City, devoting
most of his time to bridge work. His best lmown works are the Queens~
boro Bridge (1901-1908) over the East River in New York, the Hell Gate
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Bridge (completed 1917) for the New York Comnecting Bailroad, and the
Seoiotoville Bridge (1914=1917) over the Chio River. In 190203 he
served as commissioner of bridges for the City of New York, In this
capecity he advocated end established the practice of the association
of engineers, in the design of large bridges, with architects whose
special interest lay in the aesthetics of bridge conatruction,

As an engineer his greatest vision never materializedea bridge -
over the Hudson River at Nﬁ York. From 1880 until his death he worked
on the problem of transportation from New York to the Jersey shore and
he constantly urged the adoption of his North River Bridge scheme,
Hovever, complications arising from decisions of the United State Army
Engineers with reference to clearance, defeated final approval, The
long span, 3,100 feet, heavy loading, and the huge costa of this pro-
Ject may be taken as a meesurs of Lindenthalts vision,

His desigms were characterized by originality and boldness, He
differed from many of his Amerioan contemporaries inm his frequent
choice of more complex structural forms and in some of his views as
to working stresses. Like Resbling, he wrote much and he ocontributed
to learned Jouwrnals, meny technical papers, chiefly on bridge design,
but his chief monmments were his works, Pittsburgh is fortunate still
to possess the first of his great designs vhich yet functions today,
atill serving its contiguous land areas and supporting weights that the

engineer could not have foreseen whem 1t wvas desicnod.g'o
As in the case of Roebling, Lindenthal's iz the beet account of

the oonstruction of the Smithfield Street Bridge.’l In 1881 "the writer
was invited for consultation and to suggest suitable changes in the

plans, which should provide for a widening of the bridge by adding
another roadway or track, should this ever becoms necessary in the future.

After having submitted such plans, they were acoepted and the writer was
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engaged to carry them out. This plan proposed to utilize the founda=
tions and piers which had been commenced, They ware to be built upon,
vithout any offsets, to a width on top of 56 feet,

"As the width of the superstiructure may ultimately reach 68 feet,
or eight feet wider than the plers, it became necessary to let the sidoe
walks project over the masonry, The present width is 38 foet on the
channel spans; the room on the piers for widening the bridge was left
on the up-stream side, For the channel apans Pauli truuos3z vere proe-
posed, 25 feet 8 inches apart, centre to centre, and the centre line
of the new floor (of 48 feet width) was shifted downestreem 8 feet
2 inches from the oentre line of the old hridge, The sidewalk on the
up=stream side was proposed to be detachable, so that the floor may be
wvidened and the sidowslks again coanectad to it,

“For the approaches to the ohannel spans, plate girder deck spans,
on lighter masonry piers, were proposed. This arrangement allows of.~
inoreasing the width of the bridge by simply adding more plate girders
to each span on the pilers which are long enough for that purpess.

Being a deck bridpe, it afforded an unobscured entrance view to the
chammel spans, the trusses of which were to rest cn ornamental tovers,
giving to the superstructure an architeotural appearance of strength
and stahility,

"The shifting of oentre line of new floor 8 feet 2 inches down-
stroam from the centre line of old bridge allowed g%’erection of the
new superstructure without stopping travel on the old bridge, in a
manner described more in detail below,

"The Pauli truss type commended itself for the channel spans in
this instance, for several reasons:

"1, The pleasing appearance (for a city hridge) in comparison

with the ordimary parsilel chord truss.

"2, The faot that the trusses ooculd be made high in the middle

(without detriment to their stahility in case of high winds),
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thereby reducing the chord strains and cord sections, In
connection with the light and slender web-members, it per=
mitted of an economy in the trusses of over 9 per cent, as
compared with parallel chord trusses (with inclined end posts)
of same height (50 feet). The deflection and vibration of high
trusses is small and their rigidity great,

"3, The bottom chord or cg2ble is sxposed to the sunts rays as
much as sny other truss member; tﬁcn:cr_o uequal temperature
effects in the trusses are aveided., The covered floor construc—
tion is independent of the trusses as to tamperature sffects,

"h, The floor had to be cambered 18 inches in each 360 foet span
to agree with the gemeral grade of the now bridge, A atraight
bottom chord with a rise of 18 inches in 360 feet was undesirable.

"At first it was proposed to build the newv structure 15 feet higher
at highest point than the old bridge. But the river men, in the interests

of navigation, demended the structure tec be at least 20 feet higher, or
57 feet above low water mark, to which the Bridge Compsny objectad, on the

ground that the additionkl 5 feet height would injurs travel over the bridge

mch more, by reason of a steep grade at the Pittsburgh end, than it wo;ald
benefit navigatian,

*There is no statute prescribing the height of bridges over the
Monongahela River, The case vas taken to & court of equity, and argued
there by lawyers pro and contra, resulting in a preliminary injunction
against the Pridge Company building the bridge lower tm‘zo teet., To
continue the litigation would have required smch time., After a suspenw
sion of work at the bridge for 10 months the Bridge Company decided te
aeced.. to the demands of the river amen,

"The following is a description of the material and methods used
in the constructicn of the bridge:

MASONRY
consists of a gray, hard and durable sandstone, tre_e from admixtures

cf clay or iren oxide particles, It was quarried near Bomood, Pae
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on the Pittsburgh and Lake Erie Railrocad vhere it is found in large
blocks of 100 to 500 cobic yards, without any stripping, The masonry
is rock-faced, with drafts 1 inch wide all arouvnd the face of the
stones, which ere in courses of alternates headers and stretchers,

"The dimensions cf the stones are 23 inches to 16 inches in
thickness, 7 feet to 4 feet in length, 3 feet to 11 feet in vidth,
with beds end joints dressed regular and. true, 'The backing for the
abutments and wing walls consisted of regular shaped stones, with
dressed beds; for the heart of the piers concrete f£illing wvas used,

It was applied in layers of 1Z inches thick, It proved superior in
every wvay to ordinary stone backing, Iron clamps bind the stones in
the pier heads in every course,

"The use of spells was not permitted in any part of the masonry.
All spaces between stones were filled vwith concrete, rammed with ircn
raxmers, making every course absolutely water-tight, Great attantion
was given t¢ the bond. The stone blocks were laid in alternate header
and stretcher courses, vhich made the ccinoidemce of astone Jeints in
the heart of the pier impossible., 1In this way each stone is bonded in
avery direction, The concrete backing, after setting, was very hard and
tough; it adhered to the stones with great tenacity, and made the pilers
manolithic in fact,

*In the execution of the work care was taken to set every stone
immediastely before setting, When laid in position the stone was gettled
by repeated blows of a heavy wooden rem. Any stone breaking under this
operatien was removed, |

"The face Jjoints of the finished masonry vere cleaned ocut to a
depth of 1 inch, and thoroughly moistened, and caulked with Portland
cement and sand mortar, mixed one to one,.

"Por all face masonry expoaed to the weather American Portland

cement was used for the mortar; fer concrete backing and foundations,
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Rosendale ocement was ordinarily used,

"All cements were required to be so finely ground that 90 per
oent of the whole would pase through a sieve of 50 meshes to the lineal
inch, Teats as to its tensile strength were conducted on & Fairbanks
testing machine with moulded briquettes of purs cement,

"Rosendale cemnent made of a stiff paste, having been one day in
water and one day in the ajir, at an even average temperaturs of 70
degreea Fahrenheit (in a room), were tested to show the tensile strength
of at least B0 pounds per sguare inch,

"Amerioan Portland oement briquettes, wder same conditions, were
tested to show a tensile strength of at least 830 pounds per square inch,

"Similar briquettes, after having been four days in water and one
day in the ajr, at the above average t{emperature, were tested for a
tensile strength of §0 pounds per square inch for Rosendale ocements,
and 150 pounds for American Portland cement.

*The concrete used throughout the work was composed of 2 parts of
sound bi-okon stone, passing through a 3 inch ring; 2 parts of olean
gravel from the size of a pea to 2 inohes diameter; 2 parte of washad
river sand; 1 part of Rosendales cement of aocepted gquality.

“Por concrete under water 2 parts of oement were used to allow for
waste by washing in depositing it under water, With a l1ittle care in
the operation the loss, however, was insignificant, The stons, gravel
and sand were first wmixed on a board platform, then the cement added,
and the whole mass thoronghly rehandled in a dry state, Water wvas then
added 4in barely sufficlient quantity to reduce the whole mass, by lively
and sevore shoveling, to a atiff mortar, This was put imediately in
place in layers of not over 12 inches thick, and thoroughly rammed with
ircon ragmers about 5 inohes square and weighing 36 pounde, until the
mass flushed uniformly over the whole surf#co.

"For depositing the oconcrete under water for the pier foundations

squares wooden troughs were used, reaching down to almost the botton,



Smithfield St. Bridge
HAER PA-2 '
(Page 19)

and the concrete dumped in and raked even with iron rakes having long
handles. The running out of the concrete was preventad by sheet piling.
When a ohange in the masonry of Plaer No. # required the removal of a few
stones thoy were found to form with the concrete backing one solid mass,
which had to be rent asunder with steel wedges and sledge~hammer, and
would sometimes break through the stone rather than through the concrete.

"Openings or slots for one car track were left in the new ashutments
and piers to accommodats travel on the oid bridge.

"The plar posts of the ochannel spans on the down~stream side have
their bearing neer to the pier ends, and to prevent oracking of the ohannal
piers or uneven settlement after the superstructure should be in place,
riveted iron anchors were walled into the top of piers Noa. 2, 3 and 3.

"The ooping on the pilers, consisting of two projecting oourses of
cut stone, was nearly all in place for a grade 15 feet higher than the
old bridge, at the time of the dispute with the river men, Wwhen the
height of the piers was inoreased to suit a grade 20 feet higher than
the 0ld bridge, the additional masonry was built on top of the coping
in the form of pedestals of out stone,

"After the esrection of the superstructure had so far progressed
that travel oould b turned on to one track on the new bridge, the old
bridge was abandoned, and the taps and openings in the masonry of the
nev abutments and piers successively wallsd in and closed. In this wiss w/_fy"
it wasa possible to complete the masonry work without stopping travel on
the o0ld or new bridge.,

SUPERSTRUCTURE

"The roadway is at present 22 feet 10 inches wide in the clear,
and two sidewalks each 10 foet in the olear. The full width of the
bridge on the deck spans of approaches is 43 feet 6 inches, and on the
channel spans, which are through spans, 48 feet,
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"Tha bridge can be widened out, if ever required, to 64 feet,
This made it neceasary to erect the present superstructure nearer to
the down=stream end of the plars, It detracts much from the appesrance
of the bridge, which is unaymmetrical at present,

"It was important not to stop travel during the rebutlding of the
bridge, Passengers and freights from and to tha Pittsburgh and Lake Erie
Railroad must pass over it., DBesides, there is a heavy trafiisc in coke,
iron and other =mill material, which would have been compelled to take a
long, roundabout way, The construction of the superstructure had to be
arranged to 3llow of the erection first of one track and then of the other,

#If the new bridge had really been built 15 feet instead of 20
feet higher than the old ona there would not have been left height anough
near the ends of the channel spans for teams to pass under on the old
bridge, It was therefore intended to ersct the channel spans about 5
feet higher than their propar grade, and to complete the floor and tracks
of the same.

“The piar posts would hava temporarily rested on sand jaoks, by
means of which both spans, weighing about 1600 tons when completed,
could have been simultaneously lowered in a few hours to their proper .
grade, One track and sidewalk on the plate glrder approaches on tha
down=strean side would have been mesanwhile prepared for use. In this
way travel would have been interruptad only for one day, But this
operation becams wmnecassary wvhen tha new grade was ralasd 20 feet

above tha old bridge.

CHANKEL SPANS

"It vas found that the uge of steel, in the trusses at least,

would prove economical aa compared with wrought iron, The saving based

on the prices at that time was over 321,600,
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"The Pauli trusses were designed with an uneven number of panels,
namely 13, in order to get two tangential points of attachment for each
truse to the floor-construction, thereby securing greater longitudinal
and transverse rigidity of the entire bridge frame, Roller bearinas for
pPisr poste vere avoided; the middle posts, supporting tvoe truss ends each,
have a fixed and square bearing on heavy pedestal castings on the piler.
Bach end post has a bearing on & 6 inch steel pin in a cast-irocn pedestal
on which it can reck, It is probable that very little movement takes
place on account of friction em the pin,and that the posts would bend or
spring., The resulting bending moments on the end posts have been con=
sidered in proportioning them,

"The projected lemgth, 27 feet 7-5/8 inchee, of all panels being
alike, it follows that the lengths of chords in a curved line are unlike,
and 1f the curve were a circle or a parabola, then the anglee formed by
the stralight chord sections would also all be mlike,

"For practical reasons it ie douirable to have these angles all
alike, so ae to have only ons template for the kovelcd Joints, This
condition would prescribe the character of the curve, in this instance
e sine-ourve, The difference in ourvature between a sine-curve and
are of a circle was found to be small (2} inches). The difference in
the bevel pointe was inapprecisble (3/64 inch)., Therefore 2 true are
line was then assused for the chords to facllitate other salculations,

“The vertlcal web-~members are in taﬁsi.on from the dead load or
from a uniformly distributed live load, They will sustain compression
atrains only from an uneven dlatributed loéd. Near the centre of truse
they are long and slender, requiring intermediate braoing, which wae
placed ot half the truss helight for the entire length of truases,

"The suspenders Irom trusses to floor, which were all stiffened
to prevent viﬁgtion, were not made adjusﬁblo; their exact lengths

_were calculated to give the required camber of 18 inches to the floor
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conatruction. The truss camber was obtained by shortening the lawer
and lengthening the upper chord members 3/16 inch, so that after srec-
tion it amounted to 2 inches,

"All diagonal bars were made adjustable and single: they are
strained from partial loads only., The trusses were adjusted to their
proper shape by means of these ties, which received a slight initial
strain,

"The top and botton shords, pier-posts, disgonal-ties, and pins

are of steel; al]l other parts are of wroyght—iren with stee]l rivets,
The calculated sections of the vertical web.members for steel were so

1ight that for practical reasons they were all made of Wroughteirop
and of the same section.
QUALITY OF STEEL USED

“Every heat of steel was tested and its quality determined hefors
any more vork vas done to it,

"Por ths compression members and pinas, the steal was required to
stand the following tests on specimen dars 3/8 inch diameter:

Blastic limit: 50 to 55,000 pounds per square inch,

Tltimate strength: 80 to 50,000 pounds per square inch,

Elongation in 8 inches: Minimwm 12 per cent.

Reduction of area at fracture: Minimwmm 20 per cent,

Cold bending; 180 degrees arcund its own diameter without

erack,

Cold punching of holes in flat 3 x } inch dars; 3/16 inch

from the edte without crack or distention of metal.

*All specimens and shapes were required to be finishad at nearly
the same heat, as i1t was obgerved that rods finished at a lower heat
would give higher tenalon results than samples of same steel finished
at a higher heat, |

*The Andrev Kloman fivm in Pittsburgh had contreacsted to procure
the steel and to furnish the steel shapes,
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*The intention was to use Bessemer steel faor the compression
members; a large lot of Dessemer steel was tested, but fovw ssmples were
found to stand the required tests, The difflculty seemed to consist in
controlling the uniformity of the asteel within close limits for quality
and strength, After a while the atiempt was given up and gpen hearth
ﬁggi was substituted, No trouble was then experienced in getting a
uniform grade of steel of prescribed quality,

"The top chord sections consist of four leaves, which were
originally designed toc be each & 20 inch steel plate vith 4xB inch angles
for flanges, In ordering the steel it was discovered that enough platea
of that width could not be procursd in the required time, Therefore, the
chord sections were ohanged to 10 inches and 12 inches steel plates, with
bxB inch angles, composed as shown in the drawings.

“Notwithstanding the great care used, the finished plates and
angles vere by no means A uniferm product, According as they in rolling
wore finighed at a higher or lower heat, they would have different de-
greos of hardness, Hteel plates and angles finished at a lower heat had
a smooth surface, and the noise of punching them resembled pistol-shots,
vhile plates finished at a higher heat had a rougher surface, and there
was hardly more resistance to pumching than in wroughteirom.

"The specifications for riveted stsel work provided that the
punched rivet-holes, 3/3 inch diameter, should in the assembled parts
-] enlargad‘to 1 inch diamater by reaming, The tize for the delivery of
the steel work growing short, the question was considered whether the
reaning of the holes could be avoided, to hasten the completion of the

work at the shops, Messrs. Eellogg and Maurioce, in Athens, Pa, ,had the
cantract for this part of the work,

*To i'.hat end the folloving expariments were made:

"Ten specimens were cut from the same steel plate } inch thick;
one specimen wvas tested to ascartaln the tensile strength of the steel
in the specimen., The nine othsr specimens, all alike in rﬁm, vere
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prepared as shown in sketch, for the purpose of ascertaining the effects

of pwnching holes, of punching and resming, and of drilling.
vere expected te shov tho amount of reaming required, and vhether any

annealing effects from the hot rivet on the injured steel around the
punched hole could be cobserved,

Plain specimen m-o *eae
2 holes punched 1" dia..
3 holes punched 3™ dia,,

rYoamod t0 1%.cec0000000

Preopared as No, 240ee00
Prepared as Yos, 2 & 3

2 los punched 1" dia.
3 woles punched 3™ dia.
reamed t0 1%,.cc00000

Prepared as ¥o, 5.cseee
Prepared as Nos, 5 & &,

All holes drilled 1" dia,
2 hol.s pmhﬁd i. estes
reamed to 1™

3 holos punched ‘}”oooooo

. Prepared as YNoo Pscecece

Without holed,.sesvcvoeee

Yo riveta in hﬁlﬂ'.....o.

No rivets in RoleSisecesse

Rivets in all holes,.seee

Ho TivetS,.cssccssecssvona

No rivets.,cscesvssssseen
Rivets in all holeS.ceeee

NO rivetSccevevcocrvrossee

NO TivetBecsesnssssscasnes

Rivets in all RoleS.seees

Broke with.eesecases
Broke in punched holo

uth...O‘..Ot.'.....

Broke in punched hole

“m......C'.‘....OO

Broke through pumched
hole withesceeecssnse

Broke in punched holo

um.........‘.....‘.

Broke in punched holo

withaocoo.ooooccooooo

Broko in punched holo

Witheeooeosnstescenee

Broke iz hole with...

Hroke in hole with
Broke in hole with

*The conolusion from those tests was that the injured steel (of the

quality used in this instance) around the punched hole was in part ree

stored by annealing in contact with the hot rivets, the size of vhich

was large in proportion with thickness of steel plates and angles as

used in the ohords,

"he reaming of the punched holes to &2 greater extent than to make

the rivet holes smooth and straight wvas therefore dispemsed with, and a

reduction in the price for the finished vork agreed won,

The toats

S8train per
Square Inch

39 730

72 000

63 870

85 000

71 000
55 200
83 320

79 30

6% koo
83 32-



Smithfield St. Bridge
HAER PA-2
(Page 25)

"The same quality of steel as for the compression members was used
for them; they were forged from solid steel billets, and turned to size,
No appreciable difference in the hardness of the metal in the pins was
chserved,

"For tepnsion members and rivets, the steel was required to stand
the following tests on specimen bars 5/8 inch diameter:

Klastic limit: AS to 30,000 pormds per square inch., - Yield,

Ultimete strength: 70 to 80,000 pounds per square inch.

Rlongation in 3 inches: Minimum 18 psr cent,

Reduction of area at fracture: Minimum 30 per cent

Cold bending: to & loop 360° around its own dismeter, without crack.

Cold pwunching in 3x3/8 inch bars of 1 inch rivet holes: } inch from

the edge without arack or distension of metal.

Qpen hearth stae) of the above and uniform quality was obtained

ﬁ without trouble.

"The eye=bars were made by the Klopan process, i,e,, the bars were
rolled from billets betwveen reversible and adjustable rolls, in such
manner as to leave the ends thicker than the bar, The ends were then
spread and forged to the proper shape of the eye, under a steam hamwer.
The heaviest steel bars for this bridge vere 23 raet 6% inches long,
contre to centre of eyes, and 1=13/16 inches thick. All steel billets
and all stesal bars required very close inspection for flaws, the detec-
tion of which was sometimes difficult,.

"It has been stated that for the detectlon of flawe in steel or
iron, a magnetic needle had been used with success, though the manner
of its use the writer has not heard stated, A device for the certain
discovery of flaws in steel bars is certainly needed, Where the solild
metal sections are proportioned very economically to the work they have
to do, flaws are a source of great danger, especially in attenuated

steel structures; flaws in wrought=iron are more likely to happen 1n
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the direction of the fibre, hut in steel they can as well happen cross-

wise to the direction of the tension strain as any other way.

"Three steel bara 9 feet long between centres of eyes, and 3 inches

X 1=1/18 inches in sectiion were tested to ascertain the effasct, if any,

of annealing the finished bars,

The results ware as follows:

Bar A Bar B Bar C
Annealed Not annealed Not annealed

Bye | Eye Bye Bye Eye Eye
A220t0T O0f OFG.ccessessesssssssossessrose v gn 94r 94" 10" o"
@ast CTo88~380t1ion 0f 0. esescsrsecerese 5,72" 5.82 5,83% 5,72" 4.,80" 5.77
X0oss 0f metal in Y0 OVEY BATeeccessessse Ta9% 3.6% b, 3.2% 3% 3%
longation of PAneholGesesscsssccrsscsccss 0,4 0,727  0.45" O.5k* 0,38" 0.4
verage saction of bBaAF.secsesrecscsecesccse 4, h2r b, 22w h,33n
vor- ‘3 reduced ared KLLeT te8t..ccececsee 3.90m 3.9 3.80"
eduction in percentlcesececsccrccssccccne 107% 5% 10%
eduction at Iractul®ecccsccccsccscescensas 43,87% 37.5% 37.55%
longation 0f Whole DAF.cecssscscesssscces 10,5% 10.3% 11.1%
longation for 12 inches near fractur€.... 2h.6% 23,2% 22,1%
1astic 1imit Per SqQUAT® inCh...eeecososse h3,150 pounds h5,360 pounds 30,980 pound
1timate Strongthescccescssscccscssccccsse 7,310 » 78,186 = 73,760 *®

Pin=hole in one aye of bar C was bored % inch ocut of centre line of har,

and accounts for its lower ultimaite and elastic limit,

A specimen from the same hoat of stesl, of which the above bars vere

mede, showed on a 3/3 inch round-

m“t“ lmto-ttoooo'oooooo

46,389 pounds per squars inch

mt’.‘t‘ lmtOOOOQQQQQQOOOO 783898 " " n "
Elongation in 8 inches...cee 13,0%
Redmtiono.loo.l.o.o...o...t 3002}".

The net section of the heads through the pin=holes for all eye=~bars

being at least 50 per cent more than the bars, and the good effects from

. amealing being doubtful in the above tests, it was thought not nocoasa_ry

to apneal the steel bars.
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For steel rivets the above quality of temsion steel proved very
suitable, The rivets were tough and tenacious.

It was, however, observed that the manufactured rivet-heeds would
eanily break off with few blows, the fraocture in such inatance showe
ing a fine grammlated appearance.

"Rivet heaeds, however, made by hend or riveting machine wers very
tough, and could not be broken off; they had to be cut off,

*The cause for tho brittle rivet-heads was supposed to be the
upsetting by blows, in forming the head at o high heat in dies, pro-
ducing sharp cormers under the rivet-head and around the rivote-stem,

PLATE GIRDER SPANS

"There are 81X plate girdars in each span bensath the flooring,
namely, one girder under each rail and one girder wnder each sidewalk,
which is detachable on the up-stream side.

"This arrangement was ohosen to aduit of the erection first of
the new downe=stream street track, which cams to lie sideways of, but
on a higher grade than, the down~stream track of the old bridge, To
this track travel was oonfined during erection. DPlate girders were
chosen for this reason that for the linited dapth of floor (for a
grade 15 feet higher than old bridge, as ot first contempleted), it
gave a more rigid oconstruction than open girders of lov depth, It
was also mors convenient to work into them, and get rid of a lot of
wrought=iron which wag on hand, and wss left over from orders for
the suspension bridge originally intended to be built.

"Could the writer have foreseen that the new grade would be 20
feet highor than the old bridge, the deck spans of the approaches
would have heen made of two open girders of greater depth, in a
manner thoet would have admitted of finishing both tracks on them at
the sane time. This would have been also more economical, As it was,
the plate~girders weres nearly finished when the change in grade was

mada,
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"For all vrought=iron work in the bridge the quality of iron was
required to be squal to that of standard bridge iromn.

"3gtesl rivets were used for all v¥roughteiron bridge-members and
girders,

REMOVAL OF QLD AND ERECTION OF REW BRIDGE

"The nev north abutment wall vas located 50 feet back of the old
one, In preparing the foundatiom for the same it wvas necessary to
remove the anchormge of the old cables, and to oomstruct temporarily
tvo anchor chains attached to the second pair of old towers, Previous
to this wronght=-iron anchors had been imbedded into the foundation of
new pier Wo. 1, vhich had been Built up to obtain the requisite weight
for the temporary anchorage,

"These anchor ohains vere composed of steel eye=bars, wvhich wvere on
hand from the intended suspension bridge, Each chain was made adjustable
in length by means of a transverse screv rod, and four sets of eye—bars,
forning a funicular machine, The obain could thereby be shortened with
comparatively 1ittle power, To the cable the chain bars were attiached
by means of two wrought=-iren plates, Betwsen these plates were cast-
iron friction olutches holding the cable, and pressed and held together
with bolts passing through the plates, These wers attached to the cable
as near to the towers as possible, To prevent slipping of the clutches
on the eal_uo, the wire wranping was removed, and spikes driven through
the cable wires behind the olutches,

"*The transfer of the anchorage was done without mishap while travel
as usual was going over the old hridge on both tracks, The pull per
Zﬁﬁé’; chain vaa at times 160 tons.

"Under the first north sapan of the old bridge, false works had beem
built, which, after the transfer of the anchorage, supported the old
roadway, and at the same time served zor. the erection of the ﬁon girders
for the new bridge, No other part of the old bridge was removed till

after the erection of the new channel spans,
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"In the false works for the latter an opening 100 feet wide near
the Pittsburgh end was left for navigation, and temporarily bridged
over vith wooden Howe trusses. The false works were further so
arranged as to clear one track om the old bridge, on which the tesm=
travel moved in squads in alternate directions.

*To prevent scoidents from anything falling from above on pedes
trians or teams below, the false works wers covered with a platform
of planks, which were aftervards used for the new floor. The upper
staging was built up on the outside of, and to half the height of,
the trusses to bLe erected; at that height a traveling derriox, 30
feet high, moved on a track of iron rails, All material for the chane
nel spans was lifted (by a hoisting engine nsar the south Pittsburgh
end) to the platform, on which a temporary track was laid, apnd all
waterial transferred on push-cars,

"With anothar hoisting engine, conveniently located on the up-
streem end of pier No, 3, the material ﬁor both spans could be
handled and put in place without moving the engines,

“The Pittsburgh span was erocted first, After the pier posts were
put into position, the bottcm chords and connecting webemembers were
put in place, The top chord sections, veighing from 7 to 9 tons, were
picked up and placed on the verticala, one after the other, from
each end in each trusa, Tor olosing the top chord, the two middle
chorde=sections were raised at one end till they met, and then sprung
into line by pulling down these ends towards the bottom chord with
block and tackle aotiﬁq a8 a funicular machine,

"The false works of the Pittsburgh spans had settled more fhan
was anticipated, Before it was possible to olcse the top chords the
different panel points had to be jucked up 2 to 6 inches., Neo such
trouble was axperienced with the other span,
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*Duaring the erection of the channel spans no little amxisty
existed at the possibility of an accident from some heavy weight
dropping to the platform and breaking threugh to the oconstantly
orowded old bridge below, PFortinmately, the vork was completed with-
out such accident, but there wers two casualties, wvhioh both resulted
luckily, One mean fell from a height of 80 feet into the river, but
wos picked up and next morning was at_ work, Another pan fell from &
height of 50 feet into shallow water; he was able to report for work
atter two days, |

“The iropm floor construction was suspended to the trusses after
these were swvmg,

*The detail of connections in the Pauli trusses being simple, the
orection of the steel and irop work went off smoothly, and vith no
more expense than in parallel chord trusses, It commensed in the middle
of Jeptember, 1882, and vas completed December 31st, 1882,

"To the new iron floor comstruction the old bridge floor was temw
porarily suspended with irem plate-girders at the south end of the
bridge, These downestiream towers vwere resoved first, together with
the cable they supported, The old bridge floor vhere it was not sus-
pended from the new bridge was held up on vooden trestles,

“Three plate~girders 1# sach span, supporting the down-stream
track and sidewalk, equal to half the width of the new bridge, were
put into positiom, and the paving for one cayr-track finished for the
entire length of the bridge, without interrupting travel on the old
bridge below,

"Temporary wooden trestle approaches, with plank floors for one
track, wvere bhuilt at both abutwents, because the filling in would have
interfered with travel on the old bridge., All this work was much
retarded by a stormy and severe winter. Travel vas turned over the
nev bridge on the down-stream track on March 19th, 1883.33

"During a high wvater, February 22nd, 1883, a heavy mass of ice

came down the river on a swift current, and tore away a part of the
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false vorks supporting tbe old bridge in a place vhere it was not
suspended from the new one., The old bridge was then in danger of
falling into the river; but by promptly auspending the old floor

to the new ome, first with ropes and chains, amnd then with irom
rods, the old bridge, after one and a half day's interruption, was
again safs, This wvas the only interruption of travel throughout the
whole work.

"After travel was turned on the new bridge, the gaps and openings
in the abutmemts and piers vere walled in, as stated before, The
remfining old towers, cables and bridge floor were removed, and the
up-gtream half of the plate-girder approaches completed,

"This was done by placing in position the remaining three plate-
girders in each span, and the iron columns (supporting the girders near
the abutments). At the same timm the erection of the hand-railing and
of tho ornamental cast-iron tower progressed, The adjustment puts of
the diagonal ties in the chamnel spans were covered vith ornamental
castings, which prevent tampering with the sleeve-nuts.

*The filling in and regrading of the approaches at both ends, and
the building of the toli-houses and bridge office, were completed
simaltaneously with the superstructure,

THE FLOORING OF RCADWAY AND SIDENALK _

“This consists of preserved wvood, namely, gum=vood and white pine,
preserved by the zinc-tannin process, On beth the roadway and side=
walks the bottom planking distributes the weight on the jiron and girde
ers, so that the top sheeting or paving forms merely the wvearing sur—-
face,

"To the top of iron floor girders arse bolted wooden bolsters, to
which is spiked the bottom cross-plankinq, 3 inches thick for the
roadway, and 2 inches thick for the sidewalks.

"No provision is made to carry off the water sideways., The grade
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of the bridge is sufficient %o carry off all surface water lengthwise,
Besides, the durability of the pressrved gum~weod is increased by keep~
ing the floor ﬁoist (by sprinkling during the dry season),

“The space betveen the track rails azd in the middle of bridge is
paved with preserved gum-wood blocks, 3 inches thick and 3 inches high,
laid with } inch strips between.

"Evary paving block is fastened down to the bottom planking with
diagonal spikes, The paving blocks for the tracks rest on a 1 inch
lonitudinal sheeting of preserved white pine, which serves to dis-
tribute lengthwise any weven pressure to the cross-planking beneath,
The joints between paving blocks were filled with a hot mixture of tar,
pitch, rosin, lard, lime and sand in such proportions as to run freely
from the ladle,

*The space between the tracks and sidewalks is covered with a
lengthwise top planking 3 inches thick,

*The sidowalks are 9 inches higher than the roadway, The wearing
surtace consists of white pine, 1 inch thick, o the bottom planking
of gum=wood, 2 inches thick., In the curh are openings 30 inches leong,
and on the average 3 feet apart for cleaning the roadway of mud and
snovw, Under the sidewalk, on the downwstream side, extends a box with
a movable cover, the entire length of the bridge, 7This contains the
water and gas pipes and telegraph cables., Every 150 feet sre covered
openings for hose attachment, provided for sprinkling the f£loor and
for use during a fire,

"A small fire occurred in April, 1883, It originated on the old
bridge, and scorched the floor of the new bridge near the southern end,
It showed the necessity of guerding against fire on the nev bridge, All
wooden flooring is to be protected by a paint of quicklime and glue
water, and all crevices and Jjoints in the woodem floor to be filled
with 1t,

"“"Tor the preservaticn of the lwmber by the zino-tannin process,
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the specifications stipulated that ateaming in the curing cylimier
should continue at 18 pounds preasure for fouwr and a half hours; the
vacuum should not be more them two pounds per square inch, Gum-wood
should absorb 25 percent, and white pine 12% percent of the antiseptio
solution under a preesure of 30 pounds peor square inch. The solution
is to be 5 parts (in bulk) of chloride of zino to 95 parts of veter.
The lumber vas to be left in it till esch cublc foot of gummwood had
absorbed cne end e half gallons, and each cubic foot of white pine
1.05 gallons of the antiseptic, After this a solution of tannin wasa
forced into the oylinder, and the lumber kept immersed in it for 3
hours, wmnder 30 pounds pressure,

"Eorings from the end of a stick which were analyzed, contained
0.370 percent metallic-zinc in weight, equivalent to 0,789 percent of
zinc chloride. This was rather ¢ high showing, as 0,5 percemt of 2Zinc
chloride wae all that vas expected.

"Borings taken from the middle of a stick 26 feet long, 12 inches
by 6 inches, were found, on analysis, to contain 0,125 percent of zinc
chloride, or only one-quarter of the amount intended to be injected;
it is doubtful whether in long sticks the desired percentage can be
attained, without very materially increasing the strength of the solu-
tion, vhich again would probably increase the percentage at the ends
to such an extent as to render the lumber brittle after a while,

"The borings wers from freshly treated lumber. It is probable that
the percentage is gradually increased to 8 limited extenmt in the heart
of a long stick, owing to interchange of the sclution by capillary
attraction along the grain of the wood. The real antiseptic substance
ie the zinc chloride, while the tamnin serves only to inoerease the
adhesion of the precipitate to tiw wood fibres,

#Care vas required in the 1nspoct10ﬁ of the lumber before treats

pent, Sep, loose knots, coracks, windshakes, are of ¢course as much a
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defect in treated as in umstreated lumber. Any unsowmd, weak or soft
vood will not be improved by the treatment, which aims merely to maks
the lumber mors durseble, by preventing rotting. It may be added that
lmber, treated by the sinc~tannin process, will not lose anything in
its value as & combustible, as the experience with the fire at Monon-
gehela Bridge proved,

**The track rails on the bridge are 12 inches wide, and composed of
flat bars 7x 3/8 inches, 2 feet long under the joints, and 3/8 inch
round spikes, with conical heads, countersunk %o the full thickness of
the rail (3/3 inch), so that the spikes may hold down the rail, no
matter how thin it may have womn.

THE (ENAMENTAL TOWERS

are butlt of cast-iron, the roots being of wrought-iron; they support
¥erely their own weight; they incase the ateel poats, which, to the eys,
would seem very slander supports, and would appear out of proportion in
comparison vith the heavy piers and high trusses, The end posts can
rock inside of the towers, which are not in any way connected with them,
Where the trusses pass through the towers, room is left for expansion
from temperature changes.

"The architeoture of the towers is so planned, and the composing
parts so arranged, that the portals may be widened ont to sult the
entrance to a wider bridge, should it be required,

PAINTING

"Besides painting the metal with raw linseed oil &t the mills, and
iron oxide paint at the bridge shops, two coats of white lead paint were
applied to the erscted steel and ironr work. The white lead paint was
used without any dryer, and mixed with boiled linseed oil only, All
Joints and crevices vhers water might collect, were puttied all arownd
and raw linseed oil poured in, as much as they would hold.

wAs the erection took place mestly in inolement weatber, the shop
peint came off in many places by dragging the pleces through sluch and
md, which, especially im Pittsburgh, rusts iron rapidly.
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"Rusty places were coated with a thin 1ime plaste, which, after
drying, was scrubbed off with wire brushes and freshly painted.

"All iron vork under the flooring has been painted brown, all
iron and steel work above tha flooring is blue, The towers have a
stone color,

LOADS AND UNIT STRAINS

Beginning from the north end, thers are:

1. Ons 30 foot span, six equal plate-girders, proportioned for a
1ive load of 10,800 pounds per lineal foot of bridge,

2. One 81 foot span, six equal plate-girders, proportioned for a
live load of 9,000 pounds per lineal foot of bridge.

3. Cne 87 foot spamn, six equal plate-girders, proportioned for &
1live load of 9,000 pounds per lineal foot of bridge.

3 &5  Tw chamel spaim, 360 feet each, two equal Peuli trusses

| of steel and floor construction of iren, proportiomed

for & live load of 4,500 pounds per lineal foot of bridge
and in addition a concentrated load of 30 tons on a 20
foot vheel base for each track; of these loeds the side-
walks were assumed to carry 160 pounds per square foot,

6. One span, 88 feet 3 inches, six equal plate-girders,

7e Gne span, 834 feet 9 inches, six aqual plate-girders,

8 & 9. Two spans, 60 feet each, six equal plate~girders in each.

All of these plate-girder spans proportiored for 9;000 pounds
live load per lineal foot of bridge,

The wind truss and lateral bracing under the floor is propol=
tioned for a wind force of 100 pounds per lineal foot of bridge.

The above live loads, in addition to the load of tha super-
structure in the different spans, produce no greater strains per
aquare inch of useful metal areas than: .
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8,000 pounds in compression flanges of all plate-girders, floor beams,

stringers, esta,
9,000 pounds in tension flanges of all plate~girders, floor beams,
stringers, etc.
8,000 pounds ténsiqn in suspendiers and hangers of channel spans,
4,000 pounds shear in iron web-plates,
12,500 pounds bearing strain on iron in rivet and pin=holes.
POR STEE],
9,300 pounds to 13,200 pounds in compression members,
15,000 pounds in steel eye=bars.
10,000 pounds shear on steel rivets and stsel pins.
20,000 fibre strain on steel rivets and pins from bending-moment.
18,000 pounds bearing strain oo steel in rivet and pin-holes.
The following quantities of matsrial vere conswmed in the con~
struction of the Monongahela Bridge:

Lumber, f60t BeMecccsesssresscccosscossossccossssssesscecve 598,000

UNdationSecees  Piles, 11n6al £0@teccececcscosssseosssorsassoocscsssssresss 10,800
Concrete, cublc yards..cseessssesosscessrscecassssensssennsns 1,280

IroR, LONB.csesencccrsacscroscestrncrrscscrasccsosnsantsnee 3z

one mAsonry, cCuble YardB..scevecsccssrscssscesosctcnccsssssnscnacsscsnsssasss 10,500
Iron, tOoNB.eeccesrcrcvsnscttecsccssenssscscsnsssnosnscsses 1,070

Stecl, tONB.sscccccossotroscrrarsscostassscscssnsnansacsss 7h0

PPT.

Casteiron of towers, pedestals, etc., tonS.isesvressccsnne

196

Preserved lumber for :100". 00t BuMeco oo cssccsccsnvenvavee Bss.m

Steel ralls, LonJeccscinrassnscssscsenscssnsssressssossrrves
Henderailing, 2,980 lineal foot, poundSeccecececesssccrsse 120,
Filling, Cubic FALUSe..ecvccesscrccsscassscsosscsssascanse 10,
. T JAPR Sidewalk pavements, square yardl...;...................... 1,
Street pavements, » M esedstcssssssssssnssrenss 2,

The total cost of construction amounts to about $360,000,

135
200

000

hoo
200
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In 1890-91 the bridge was widened by utilizing the provisions built
into the originel bridge.>? Lindenthal was both designer and contrace
tor for this change. A third truas was added to sach span on the up~
stroam side of the bridge vhich inoreased the widith of the struoture
by twenty feet, eight inches and provided a second roadway, When this
was done the sireet railway tracks ran on each side of the center line,
but twenty-ona years later the up-stream trusses were moved four and a
half feet to the eastward and the additional width made it possible to
put both the electric car itracks on that half of the bridge and devote
the opposite roadway to other vehicular traffic. Jidewalxs aleven
tset wide projected beyond the truss work, The floor system, bensath
the car tracks, was also modified in 1911, but the other half remainad
easentially the same as in 1883,

Between 1911 and 1915 the elaborats wrought-iron bridge portals
wore removed and much simpler gateways of casty stoel, designed by
Stanley Roush, wvere substituted., Hers we can see the old idea of the
monuwsontal bridge portal in prooess of disappearing, but even these
later pertals are highly ornamental .35

In 1895 the City of Pittsburgh determined to secure title to the
bridge snd throw it open to the public, an action vhich was in accord-
ance with the trend of the times, After the appointment of viewers
and the taking of testimony on both sides, the Commissionerts Report
wag filed in Court, and no exception being taken, the City assumad
complets ownership of the Corporation through purchase of the outs
standing stock. 36 The purchase price of the bridge was $1,000,000.37

After 1911-15 there were few changes in fho bridge, but by the
sarly 1930%s it began to be in need c¢f repair, In order to lighten
the load on the structure, it was proposed to install an aluminum deck
on the vehicular roadway and this was carried out in 1934, Aocording



Smithfield St. Bridge

HAER PA-2
(Page 38)
to The Engineer of London- "This is, as far as we have been able to

ascertain, the largest bridge undertaking in aluminum that has yet
been carried out, It has afforded engineers an opportunity to gain
experience in the use of aluminum on a large scale, Regarded as an
experiment in bridge building we suggest that its importance cannot
be ovemtad."38

In the early 19560's the bridge was once again exhibiting signs of
vear and stress, The Pittsburgh Post Gazette of April 10, 1963,
announced that "Approximately $700,000 will be spent next year to re-
bhabilitate the Smd.thfield Street Bridge,..Weipht limits have been
placed on the bridge.*

The Pittsburgh Press for May 7, 1967 statod that the bridge would
olosae in June to permit the installation of a new deck-"the contract
for the repairs had been awvarded to the Mosites Construction Company
in July, 1966, and since that time subsiructure work has been completed
as well as the fabrication of new aluminum deck panels, A polyester
non-skid coating is to bLe applied to the panels”, The Post Gazatts
of Novenmber 16, 1967 announced that the bridge®closed since last Jume
will reopen today at three o'clock. The total cost of repairing the

structure was 3$712,615%, .,,-.Jv;'a '

g

In 1970 the Pittsburgh History and Landnarka{_ placed one of its
bistoric landmark plaques on the structure, and on May 23, 1974 the
bridge was named an official city landmark by the City Planning
Commission under the oity's landmarks ordimnce.”

Perhaps the most famous double lenticular truss span in the world
is the Saltash Railway Bridge spanning the River Tamar in Cornwall
vhich was desipgned by the great engineer Isambard Kingdom Brunel and
built in 1857=59 Jjust before his death.b? Perhaps the Smithfield
Street Bridge deserves no lesser fame, Impressive as is the Brunel

Bridgs, the former is at least the more graceful and beautiful.
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According t¢ David Plowden-"The Smithfield Street Bridge was the
2irst and largest bridge in the New World to employ the Pauli system
of lenticular trusses, it remains the only example of this type in
Americar, 3

Tha Monongahela Bridge at Smithfield Street is now within a few
years of attaining its ocentenary, that magical state which should
ensure its veneratiom by all wvho oare about our technological monuments.
Rumors of demolition stil) troudble the local air, but our great bridge,
now the oldest on owr three rivers at Pittsburgh as well as the oldest
stael through-truss span in America, if it cannot continue to bear in-
creasing burdens, should be, like the great bridges at Wheeling and
Cincinnati, eased into an honorable quasi-retirement. Lindenthalts
aplendid spans have served long and well, they are now an almost ine-
dissoluble part of the city-scape, and it is profoundly to be hoped
that this tough, but graceful struoturs will, as it begins ita second
century, enter utpon & new period ef usefulness.
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